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Section 9.   Monitoring Methods Guidance and Support

Despite a substantial allocation of resources in overall PM monitoring implementation, very little
methods development work has been performed in the area of PM2.5 continuous monitors.  This lack of
development combined with requirements for lengthy field testing in multiple sites and high statistical
correlations for designation as a PM2.5 Federal Equivalent Method (FEM) have resulted in no
applications for designation of continuous PM2.5 monitors as FEM.

Introduction:

During the planning stages of the PM2.5 monitoring program there was little emphasis on
development of PM continuous methods by EPA.  There were no nationally coordinated field testing
programs to assess the usefulness of continuous methods over a variety of locations and aerosols.  A
guidance Document was written in 1998 compiling the available field testing on PM continuous methods
to date; however, this document offered little insight on planning a long term strategy of using PM2.5

continuous methods for regulatory purposes.  Additionally,  EPA never actually proposed or
promulgated Class III equivalency criteria that would provide the testing requirements for PM2.5

continuous methods.  Since no criteria have ever been proposed there has never been an opportunity
for the various stakeholders in the monitoring community to provide comments on the usefulness of the
Class III equivalency testing criteria.  There is an expectation that the equivalency criteria for Class III
designations would be at least as strict as the Class II criteria.  But since these criteria have never been
published by EPA there is no clear path for acceptance of PM2.5 continuous methods.  Without EPA
directly involved in developing PM continuous methods, vendors have been left to pursue
improvements on their own.  While some vendors have been successful at improving their methods by
working directly with the States, these methods have not been appropriately tested on a national scale. 
For instance, the California Air Resources Board (CARB) has been working with the Met One Beta
Attenuation Monitor over the last few years, yet very little data exists on this method collocated with
FRMs in any east coast States.  Also, Rupprecht & Patashnick Company have commercialized the
Sample Equilibration System (SES) as an add on to the TEOM PM continuous monitor to allow for
operation of this instrument at lower temperatures; however, little information is known about the long-
term usefulness of the SES.  The result of all of this is that there are no designated equivalent methods
for PM2.5 continuous monitors.  Also, little information is available in the form of peer reviewed field
studies over a variety of methods and locations.  Despite all these issues there is still a great deal of
information to glean from monitoring agencies and vendors on how these methods may be best suited
for implementation in routine regulatory networks.  This section attempts to summarize a number of
points in how to best set-up and operate PM2.5 continuous monitors.  Many of these suggestions have
already been incorporated into commercially available monitors.  None of the suggestions should be
considered as “required” since ultimately the best measures of success are performance of the PM2.5

continuous monitor with respect to its ability to reproduce itself (measurement precision) and
comparison to a FRM (bias).
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Recommendations for Design and Operation of PM 2.5 Continuous Methods

In order to design an appropriate configuration for a PM2.5 continuous monitor many issues
need to be addressed.  This section attempts to provide the general specifications for PM2.5 continuous
methods.  A detailed accounting comparing the FRM design and performance specifications with
applicability to a generic PM2.5 continuous monitor follows. 

Comparing FRM and Continuous Methods for Design and Performance Criteria

The Federal Reference Method is based upon both design and performance criteria as
identified in 40 CFR, Part 50, Appendix L.  Design criteria are applicable to components of the
reference method such as the inlet and second stage separation device.  Performance criteria are
applicable to things such as the control of flow rate and maximum allowable temperature difference
between the filter and the ambient temperature.  For any potential continuous method to be used in the
routine regulatory network only performance criteria with respect to the comparison of collocated FRM
and continuous data are to be used.  However, the performance of a continuous method may be
expected to be optimized by adhering to as much of the reference method as practical.  In reality, many
aspects of the design and performance of the FRM will not be included in a continuous methods
operation due to the measurement principle of the instrument or other factors.  For instance, much of
the laboratory FRM criteria are not practical since there is not expected to be any pre or post-sampling
gravimetric analyses in the traditional sense.  This section discusses the current understanding of the
FRM design and performance criteria that may be applicable to a potential continuous method for use
in a regulatory network.  Also, where applicable, alternatives to the design and performance criteria of
the FRM are included as may be appropriate for use with continuous methods.  This section is intended
to provide information on how a continuous method might best be designed so that resulting data mimic
that of the FRM.  Due to the inherent operation of any one continuous method, many of the FRM
design and performance criteria may not be suitable for inclusion in its design; therefore, none of the
FRM criteria are required.  Also, improvements to a design or performance criteria of the FRM are
encouraged where appropriate in order for resulting PM continuous data to match that of the FRM.

General Specifications

There are many specifications listed in the FRM as detailed in 40 CFR, Part 50, Appendix L. 
Among the general specifications, a number of items may be applicable to PM continuous monitoring. 
This section details those general provisions of the FRM that should be included in the design of a PM
continuous method:
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• Pollutant - Fine particulate matter having an aerodynamic diameter less than or equal to a
nominal 2.5 micrometers in the ambient air.  Surrogates of this are possible if they result in
meeting the necessary performance standards identified in section 6 of this document.

• Units - Provide for data to be reported in units of micrograms per cubic meter.  This may be
calculated directly or indirectly through use of other inputs.

• PM2.5 measurement range - Provide for a lower and upper concentration limits that allow for
meaningful comparison to the FRM.  While the FRM is estimated to have a lower concentration
limit of at least 2 ug/m3 and upper concentration limit of at least 200 ug/m3, continuous methods
may be able to operate over an even wider range of concentrations.  Most importantly, PM
continuous methods need to provide concentration values in the environments they operate in. 
For instance, in an extremely dirty environment, a continuous method may be able to operate
above 200ug/m3, if designed appropriately.  Similarly, when a continuous method is operated at
a very clean site the performance of the instrument should be able to discern changes in ambient
PM2.5 even over very low concentrations.

• Sample Period - Provide for a sample period that can be used to calculate the midnight to
midnight 24-hour average PM2.5 concentration.  For all other criteria pollutant continuous data
the reported averaging period is usually 1-hour.  Depending on the precision of the PM
continuous instrument shorter or longer averaging periods may be necessary in order to have a
meaningful averaging period.  Therefore, 1-hour averages should be capable of being reported;
however shorter or longer averaging periods may be necessary depending on the measurement
precision of the instrument.

• Accuracy and Precision - Because of the size and volatility of the particles making up ambient
PM vary over a wide range and the mass concentration of particles varies with particle size it is
difficult to define the accuracy of PM2.5 measurements in an absolute sense.  The accuracy of
PM2.5 measurements is therefore defined in a relative sense, referenced to measurements
provide by the FRM. Section 6 defines the performance standards for PM2.5 continuous
methods.

Design Criteria

Design criteria for the FRM are largely associated with the inlet and separation device to obtain
the desired size selection of aerosol in the sample stream.  Many of these criteria can be applied to a
potential continuous method.  Most of the commercial vendors of PM continuous methods have already
incorporated these design criteria into their instruments.  The table below describes the various design
criteria for the FRM and their applicability to PM continuous methods.  Also, where appropriate,
alternatives to the FRM design criteria are offered:
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Design Areas Section of
Appendix L

FRM specification Applicability to Continuous
Methods

Inlet Assembly 7.3.2 PM 10 head with
dimensions as
described in figures L-2
through L-18

This should be applicable to most
PM continuous methods

Downtube 7.3.3 With dimensions as
described in figure L-19

This may or may not be applicable
to a PM continuous method.  A
downtube may not be needed if
there is sufficient clearance for the
PM 10 head above the monitor. 
Also, there needs to be a provision
for a leak check adapter to be
attached at the point where the
PM 10 heads attaches if the
downtube is not utilized.

Impactor 7.3.4 WINS with dimensions
as described in Figures
L-20 through L-24.

The WINS may be used or
alternatively the Sharp Cut Cyclone
(SCC) or newer generation of SCC
or other cyclone providing an
appropriate PM 2.5 separation may
be used.  The SCC is expected to
maintain an appropriate separation
of coarse and fine particulate over a
longer period of time than the
WINS making it more suitable for
use with PM 2.5 continuous
monitors.

Filter Holder
Assembly

7.3.5 Many specifications as
described in the text
and with dimensions as
detailed in Figures L-25
through L-29.

Most of the filter holder assembly
design specifications will not be
applicable to PM continuous
monitors.  Some of the important
areas to strive for in the design of a
PM continuous method include:
- providing for a uniform face
velocity of the sample stream
during sample collection.
- preclude significant exposure of
the filter (or surrogate collection
device) to possible contamination.

Flow Rate
Measurement
Adapter

7.3.6 As described with the
dimensions in Figure L-
30

Ideally, this would be the same so
that flow rate adapters would be
interchangeable between FRMs
and continuous methods.
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Surface Finish 7.3.7 Anodized aluminum for
all internal surfaces
exposed to sample air
prior to the filter.

Ideally continuous methods will
also have anodized aluminum for all
internal surfaces exposed to sample
air prior to the filter or surrogate
collection device.  This is especially
important to note for the Sharp Cut
Cyclone; if used, since it is not part
of the FRM.

Sampling Height 7.3.8 2 meters ± 0.2 meters Ideally, the sample inlet on a
continuous method would meet
this. 

Performance Specifications

Performance specifications for the FRM are largely associated with maintaining the flow rate
within an acceptable range and the operational conditions for which the instrument should be capable of
operating in.  Most of the flow rate performance specifications for the FRM should be applicable to
continuous methods; however, the operational conditions for which an instrument should be capable of
operating in may or may not be applicable to any one continuous method.  Many of these performance
criteria can be applied to a potential continuous method.  Most of the commercial vendors of PM
continuous methods have already incorporated these performance criteria into their instruments.  The
table below describes the various performance specifications for the FRM and their applicability to PM
continuous methods.  Also, where appropriate, alternatives to the FRM performance specifications are
offered:
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Performance
Specification

Area

Section of
Appendix L

FRM specification Applicability to Continuous
Methods

Sample Flow Rate 7.4.1 16.67 L/min measured
as actual volumetric
flow rate at the
temperature and
pressure of the sample
air entering the inlet.

Generally applicable with the
exception of any potential use of
nephelometers.  This flow rate is
necessary if a PM 10 size selective
inlet is used as well as for most
second stage separators.

Leak Test Capability 7.4.6 Provide for an
convenient external leak
test capability 

Generally applicable.

Range of
Operational
Conditions

7.4.7 Ambient Temperature -
30 to +45 C
Ambient Relative
Humidity 0 to 100
percent
Barometric Pressure 600
to 800 mm Hg

Generally applicable as a starting
point for design of an instrument;
however, some continuous
instruments may need to be located
in an environmentally controlled
shelter in order to have operate
correctly.  Some instruments may
not meet all of these specifications
which may limit their use
geographically.

Ambient
Temperature and
Barometric Pressure
Sensors:

7.4.8 and 7.4.9 Capable of operating
over the range of
operating conditions

Applicable for the operation of the
continuous instruments in the
range of environmental conditions
they will encounter.

Filter Temperature
Control

7.4.10 The sampler shall
provide a means to limit
the temperature rise of
the sample filter from
isolation and other
sources to no more
than 5C above the
temperature of the
ambient air surrounding
the sampler.

It is desirable to minimize the
temperature difference between the
ambient air and the location where
sample are collected and analyzed
in a continuous method to provide
for minimal volatilization of PM;
however, in some cases heating
may be necessary due to moisture
interference or other reasons.  Each
potential continuous method
should be designed to optimize this
temperature difference with respect
to avoiding moisture interference,
PM volatilization, and stable
measurement readings.  
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Filter Temperature
Sensor

7.4.11 Capable of operating
over the range of
operating conditions

Generally applicable.  However,
may not always be required
depending on the measurement
principle of the continuous method.

Clock/timer system 7.4.12 Capable of maintaining
local time and date
including year, month,
day of month, hour,
minute, and second to
an accuracy of ± 1.0
minute per month.

Generally applicable.

Outdoor
Environmental
Enclosure

7.4.14 Suitable to protect the
instrument

Generally applicable for those
instruments intended to be located
outside.  Not necessarily applicable
to those instruments intended to be
located in a station trailer or other
environmentally controlled housing

Electrical Power
Supply

7.4.15 105 to 125 volts AC
(RMS) at a frequency of
59 to 61 Hz.

Generally applicable.

Data Output Port
Requirements

7.4.17 Standard RS-232C The Standard RS-232C data output
connection can be utilized. 
Additionally, it is strongly
encouraged to have a provision for
an analog output that can be
conveniently connected to a typical
data logger utilized by ambient air
monitoring agencies.  For example,
0 - 10mV, 0-100mV, 0-1V, 0-5V, or 0-
10V.


